Background: Poor survival among colorectal cancer (CRC) cases has been associated with African-American race and low socioeconomic status (SES). However, it is not known whether the observed poor survival of African-American CRC cases is due to SES itself and/or treatment disparities. We set out to determine this using data from the large, population-based California Cancer Registry database. Methods: A case-only analysis of CRC was conducted including all age groups using California Cancer Registry data from 1994 to 2003, including descriptive analysis of relevant clinical variables, race, and SES. CRC-specific survival univariate analyses were conducted using the Kaplan-Meier method. Multivariate survival analyses were done using Cox proportional hazards ratios (HR). Results: Incident cases of colon (90,273) and rectal (37,532) cancer were analyzed, including 91,739 (71.8%) non-Hispanic Whites, 8,535 (6.7%) African-Americans,
Introduction
During 2007, an estimated 112,340 new cases of colon cancer and 41,420 cases of rectal cancer were diagnosed in the United States. Colorectal cancer (CRC) is the third most common cancer among U.S. males and females (1) . There are recent data supporting a decline in overall mortality for CRC (2) . This is likely due, in part, to the increasing use of screening procedures such as colonoscopy, which can reduce the risk of CRC mortality by 50% (3) . Unfortunately, screening procedures are only routinely used by 50% of Americans age 50 years or older (4) . Despite overall mortality decreasing over time (2) , there continues to be a widening disparity in CRC incidence and survival between African-Americans and Caucasians (5, 6) . From 2000 to 2004, the age-adjusted incidence per 100,000 in males was 70.2 in AfricanAmericans compared with 62.2 in Caucasians and 46.9 in Asian/Pacific Islanders (2) . Similarly, in females, the incidence rate was 52.9 in African-Americans compared with 44.9 in Caucasians and 33.7 in Asian/Pacific Islanders. In the same period and similarly age adjusted, the death rate in males was 32.7 in African-Americans compared with 22.9 in Caucasians and 15 in Asian/ Pacific Islanders (2) . In females, the death rate was 22.9 in African-Americans compared with 15.9 in Caucasians and 10.3 in Asian/Pacific Islanders.
Using Surveillance, Epidemiology and End Results (SEER) data, the 5-year relative CRC-specific survival for Caucasians and African-Americans in a period between 1995 and 2001 was reported to be 65% and 55%, respectively (6) . Differences in CRC survival across the major U.S. ethnicities have been suggested to be related to differences in stage at diagnosis (7) , tumor grade (8) , screening use (9) , posttherapy follow-up (10, 11) , patient beliefs (12, 13) , and provider characteristics (14) . The 2000 National Health Interview Survey revealed that selfreported screening rates were 42.5% in Caucasians compared with 40 .3% in African-Americans (9, 15) . The importance of proper screening practices becomes apparent when considering African-Americans more often present with metastatic disease (24%) compared with Caucasians (18%) using SEER data (6) .
Despite the body of literature that exists, few studies have adequately accounted for treatment and socioeconomic status (SES) in addressing racial disparities in CRC survival. A recent meta-analysis by Du et al. (16) revealed that studies taking into account SES and survival in colon cancer have been relatively small and inconsistent. Larger population-based studies are limited to older populations and those with regional-staged disease (17) . We set out to determine how differences in SES and treatment affect racial disparities in survival of colon and rectal cancer patients through a case-only analysis of data from the large, population-based California Cancer Registry (CCR).
Materials and Methods
Study Population. We did a retrospective, case-only analysis of colorectal cases in the CCR database. CCR is part of the National Cancer Institute's SEER program and is the largest contiguous-area population-based cancer registry in the world (18) ; standardized data collection and quality control procedures have been in place since 1988 (19) (20) (21) (22) . Case reporting is estimated at 99% for the entire state of California (23) , with follow-up completion rates exceeding 95%. Data were abstracted from medical and laboratory records by trained tumor registrars (19) . Tumor site and histology were coded according to WHO criteria in International Classification of Diseases (ICD) for Oncology (24) . Cases were identified using CRC SEER primary site code 21041, 21043-21049, 21051, and 21052 and ICD-O-3 histology codes as follows: adenocarcinoma (8010, 8020-8022, 8140-8145, 8210, 8211, 8220, 8221, 8230, 8231, and 8260-8263) and mucinous adenocarcinoma (8470, 8480, and 8481). All histologies not in either of these two groups were categorized as ''other.'' SEER extent of disease and surgical staging variables were used to derive tumor-node-metastasis data in accordance with the 2002 American Joint Committee on Cancer staging system. Carcinoma in situ tumors were coded as stage 0. Stage I included tumors that invaded the submucosa or muscularis propria without lymph node involvement. Stage IIA included tumors with invasion into the subserosa or adjacent connective (nonperitoneal) tissues without lymph node involvement. Stage IIB were tumors that invaded adjacent organs and/or through to the peritoneum without lymph node involvement. Stage IIIA included invasion to the submucosa or muscularis propria with coding based on regional and pathologically confirmed three or less positive lymph nodes. Stage IIIB shared the same lymph node coding but the tumors invaded into the subserosa or visceral peritoneum. Stage IIIC was any degree of nonmetastatic tumor invasiveness with lymph node status coded as four or more regional lymph nodes. Stage IV included any distant metastases or distant lymph nodes, which included superior mesenteric lymph nodes.
Data were obtained on 90,273 incident colon and 37,532 incident rectal cancer cases during January 1994 through December 2003 in CCR with follow-up until December 2006. Recorded data included demographic information (age, gender, and ethnicity), stage at presentation, histology, treatment during the first course of therapy, SES, and vital status. All age groups were included in the analysis. SES is denoted as a single index variable in CCR using statewide measures of education, income, and occupation from census data, as described previously (25) . The SES variable used is a composite index based on principle component analysis of census block level CCR data linked to census data assessing: education level, median household income, proportion below 200% poverty level, median house value, median rent, percent employed, and percent with blue-collar employment, as previously described (18, (25) (26) (27) (28) (29) (30) . This variable has been used in population-based analyses of cancers of the colon, breast, pancreas, ovary, and nasopharynx (18, (25) (26) (27) (28) (29) (30) . Quintiles for the SES score were analyzed.
Treatment during the first course of therapy was ascertained using available data from CCR to determine whether cases underwent surgical resection, radiation therapy, or chemotherapy. Standard therapy was defined according to the National Comprehensive Cancer Network practice guidelines as follows: resection alone for stage I disease in both colon and rectal cancer, surgical resection alone or with adjuvant chemotherapy for stage II colon cancers, and surgical resection followed by adjuvant chemotherapy for all stage III colon cancers. Stage II and III rectal cancers typically require treatment with neoadjuvant (i.e., up-front) chemoradiation followed by surgery and additional chemotherapy, whereas stage IV colon and rectal cancers are treated with systemic chemotherapy (31) . Limited comorbidity information was available for cases not receiving surgery and recorded as ''contraindicated due to other conditions.'' Cause of death was recorded according to ICD criteria in effect at the time of death. Hospital registrars contacted cases, and CCR staff reviewed state death certificates to identify deceased registry cases. The last date of followup was either the date of death or the last date of contact.
In the text, overall survival (OS) is defined as all-cause mortality, whereas CRC-specific survival is defined as mortality from CRC itself.
Statistical Analysis. The clinical characteristics, including age, gender, race, American Joint Committee on Cancer stage, histologic subtype, anatomic tumor site, tumor ulceration, SES quintile, and treatment, were analyzed with Pearson's m 2 test or Fisher's exact test for categorical variables and the nonparametric KruskalWallis test for comparison of continuous variables for more than two groups. Life tables and Kaplan-Meier curves were generated for race and SES categories, and curves were compared with the log-rank test. Multivariate survival analysis was used to calculate OS and CRC-specific survival using Cox proportional hazards ratios (HR). Proportionality assumptions for the Cox regression models were tested. First, univariate log [Àlog(survival)] versus log of survival curves by race were plotted and found to be nonintersecting. Next, proportionality tests were done for each of the ethnic categories within Cox models adjusting for known differences in age and stage at presentation. Dummy variables were created for each variable multiplied by the log of the survival time. For colon and then rectum analyses, the proportionality test for race was not violated (P = 0.15 and 0.25, respectively). Thus, Cox proportional hazards regression models were used for the multivariate survival analyses. All statistical analyses were conducted using Statistical Analysis System 9.1 statistical software (SAS Institute, Inc.). Statistical significance was assumed for a two-tailed P < 0.05.
Ethical Considerations. This study involved analysis of existing data from CCR database with no subject intervention. No identifiers were linked to subjects. This study was approved by the University of California at Irvine Institutional Review Board under the category ''exempt status'' (Institutional Review Board 2007-5842).
Results
Demographic Characteristics. Rectal cancer patients were predominantly male (56.5%; P < 0.0001). Rectal cancer was more often stage I (36.3%; P < 0.0001) compared with colon cancer (23.6%), which was more often stage IIA (25.3%; P < 0.0001). The age distribution for colon cancer was older (58.5% 70+ age; P < 0.0001) compared with rectal cancer (45.9% 70+ age; P < 0.0001).
Demographic Characteristics by Ethnicity. AfricanAmericans and Hispanics among colon (Table 2A) and rectal cancer cases (Table 2B) were more likely to have metastatic disease compared with Caucasians and Asians. There was a female predominance among African-Americans with colon cancer (53.3%; P < 0.0001) compared with a more even distribution across the other groups. In rectal cancer, African-Americans (14.5%) tended to have histology other than adenocarcinoma or mucinous adenocarcinoma more often than Caucasians (5.3%; P < 0.0001). Regarding anatomic site, Table 1 . Demographic characteristics for CRC by colon versus rectum; incident cases, January 1994 to December 2003 (all P < 0.0001; except gender for colon P < 0.01) Table 2 . Demographic information for CRC by race; incident cases, January 1994 to December 2003 (all P < 0.0001) African-Americans more often presented with disease in the proximal and transverse colon (P < 0.0001). Caucasians were consistently older (70+ age) in colon and rectal cancer than the other ethnicities, whereas African-Americans tended to be younger with a higher proportion in the 60 to 69 age range (P < 0.0001). AfricanAmericans and Hispanics were more often in the lowest SES compared with Caucasians and Asians who were more often in the highest SES (P < 0.0001). AfricanAmericans were less likely than Caucasians to have surgery in both colon (91.1% versus 94.4%) and rectal cancer (84.7% versus 88.8%; P < 0.0001). Among those who had a contraindication to surgery, a higher proportion of African-Americans (1.25%) were unable to have surgery compared with Caucasians (0.85%; P < 0.0001). The most apparent discrepancy when comparing standard treatment and ethnicity by stage (Table 3A Cause of Death Analysis and CRC-Specific Survival Analysis. Of 127,805 CRC cases in this study, 63,309 (49.5%) died. Thirty-six thousand eight hundred thirtyeight of those died from CRC (58.2%). The majority of the other deaths were due to infection, unknown, or other causes (24.2%), heart disease (15.3%), and lung cancer (2.3%). The proportions of death due to CRC were 56.3% in Caucasians, 62.3% in African-Americans, 63 .9% in Hispanics, 65.2% in Chinese, and 66.6% in nonChinese Asian. In comparison, proportions of death due to heart disease were 16.1% in Caucasians, 14.6% in African-Americans, 12.3% in Hispanics, 12.1% in Chinese, and 11.3% in non-Chinese Asian (P < 0.0001).
The CRC-specific survival continued to be consistent with the all-cause data for colon and rectal cancer cases on univariate survival analysis. CRC-specific survival was better for Asians compared with African-Americans and Caucasians (Fig. 1A and B) . African-Americans continued to have the poorest survival in both colon and rectal cancer. In CRC-specific analysis of colon cancer by race (Fig. 1A) , 1-, 5-, and 10-year survival rates are as follows (all median OSs were not reached): African-American (82%, 64%, and 60%), Caucasians (85%, 70%, and 66%), Hispanic (86%, 70%, and 67%), Chinese (88%, 73%, and 70%), and non-Chinese Asian (88%, 72%, and 70%; P < 0.0001). In rectal cancer by race (Fig. 1B) , 1-, 5-, and 10-year survival rates are as follows (all median OSs were not reached): African-American (86%, 65%, and 60%), Hispanic (89%, 69%, and 62%), Caucasians (88%, 71%, and 66%), Chinese (90%, 73%, and 66%), and non-Chinese Asian (90%, 73%, and 69%; P < 0.0001).
In CRC-specific analysis of colon cancer by SES ( Fig. 2A) , 1-, 5-, and 10-year survival rates are as follows (all median OSs were not reached): lowest (83%, 66%, and 63%), second lowest (84%, 68%, and 65%), middle (85%, 70%, and 66%), high (86%, 70%, and 67%), and highest (87%, 73%, and 69%; P < 0.0001). In rectal cancer by SES (Fig. 2B ), 1-, 5-, and 10-year survival rates are as follows (all median OSs were not reached): lowest (85%, 64%, and 58%), second lowest (87%, 67%, and 62%), middle (88%, 70%, and 65%), high (89%, 73%, and 67%), and highest (91%, 76%, and 71%; P < 0.0001).
OS for Race and SES. Among colon and rectal cancer patients, OS was significantly better for Asians compared with Caucasians and African-Americans ( Supplementary  Fig. S1A and B) . African-Americans consistently had the poorest survival in both colon and rectal cancer. On analysis of colon cancer by race, 1-, 5-, and 10-year survival rates and median OS are as follows: AfricanAmerican (75%, 47%, 32%, and 51 months), Caucasians (78%, 50%, 32%, and 62 months), Hispanic (80%, 54%, 39%, and 73 months), Chinese (83%, 58%, 45%, and 92 months), and non-Chinese Asian (84%, 58%, 45%, and 95 months; P < 0.0001). In rectal cancer by race, 1-, 5-, and 10-year survival rates and median OS are as follows: African-American (80%, 50%, 34%, and 58 months), Caucasians (82%, 54%, 37%, and 72 months), Hispanic (84%, 55%, 39%, and 73 months), Chinese (86%, 61%, 43%, and 102 months), and non-Chinese Asian (86%, 60%, 47%, and 106 months; P < 0.0001).
In colon cancer by SES ( Supplementary Fig. S2A ), 1-, 5-, and 10-year survival rates and median OS are as follows: lowest (74%, 46%, 29%, and 50 months), second lowest (77%, 49%, 31%, and 58 months), middle (78%, 50%, 32%, and 62 months), high (79%, 52%, 35%, and 67 months), and highest (82%, 56%, 40%, and 80 months; P < 0.0001). In rectal cancer by SES ( Supplementary  Fig. S2B ), 1-, 5-, and 10-year survival rates and median OS are as follows: lowest (79%, 47%, 29%, and 53 months), second lowest (81%, 50%, 33%, and 61 months), middle (82%, 53%, 37%, and 68 months), high (84%, 58%, 40%, and 82 months), and highest (87%, 62%, 46%, and 104 months; P < 0.0001).
CRC-Specific Multivariate Survival Analysis with
Confounding. Among colon cancer cases, compared with Caucasians, African-Americans had 1.32 times [95% confidence interval (95% CI), 1.26-1.38] and Hispanics had 1.04 times (95% CI, 0.99-1.08) the risk of death where Chinese had 10% less risk of death (HR, 0.90; 95% CI, 0.83-0.97) and non-Chinese Asians had 5% less risk of death (HR, 0.95; 95% CI, 0.90-1.01) after adjustment for age, gender, histology, and site in colon (Table 4A ). This was also observed in rectal cancer where, compared with Caucasians, African-Americans had 1.37 times (95% CI, 1.27-1.49) and Hispanics had 1.16 times (95% CI, 1.10-1.23) the risk of death after adjustment for age, gender, histology, and site in rectum (Table 4B ). The survival benefit seen in Asians was no longer significant.
To determine the relevant confounders of risk (including treatment variables and SES) by ethnicity in this model, separate multivariate survival analyses were conducted among colon and rectal cancer cases (Table 4A and B). After further adjustment for stage at presentation, the increased risk of death in colon (HR, 1.19; 95% CI, 1.14-1.25) and rectal (HR, 1.27; 95% CI, 1.17-1.38) cancer remained for African-Americans compared with Caucasians. After additional adjustment for surgery, radiation, chemotherapy, and SES, the risk of death for colon (HR, 1.08; 95% CI, 1.03-1.13) and rectal (HR, 1.11; 95% CI, 1.02-1.20) cancer in African-Americans improved substantially compared with Caucasians. The improved survival seen in Chinese and non-Chinese Asians persisted after adjustment with the exception of Chinese in rectal cancer.
Discussion
Our population-based analysis of CRC cases in California reveals that the risk of death for colon and rectal cancer is greater for African-Americans when compared with Caucasians but that this difference substantially diminishes after adjustment for stage, SES, and treatment. In our analysis for confounding, the greatest magnitude of change in HR was seen when adjusting specifically for stage followed equally by treatment and SES. These data suggest that these factors most strongly explain the observed survival differences.
We observed that African-Americans tended to be in the lowest SES more often than the other groups, a finding consistent with prior reports (16, 17) . Indeed, race and ethnicity itself may not represent a higher risk of mortality as much as it is a proxy for SES (32) , a theory in congruence with our observation that SES confounds the association between race and survival in CRC. Poorer outcomes related to SES are most likely multifactorial. Issues such as unemployment certainly equate to a lack of health care coverage and in turn decrease the likelihood of a timely diagnosis, treatment, and optimal care. The result is a higher mortality rate related to poor health insurance status (33) , and this has generated discussion about changes in health care coverage eligibility. In addition, lower SES has been associated with lack of knowledge regarding healthy living and behavior, living in poorer neighborhoods resulting in higher stress, and even the cumulative effect of interfering with activities of daily living (34, 35) . A lack of awareness of test availability has been observed to correlate with lower usage of screening tests (12, 36, 37) . The need for aggressive social policy is only highlighted further here. Differences in receipt of treatment have been reported in many prior studies (38) (39) (40) (41) (42) (43) (44) . A major finding of ours was that African-Americans received surgery less often than in the other groups. This has previously been reported by Cooper et al. (45) and Ball and Elixhauser (46) . Again, the mortality reduction we observed when adjusting for surgery was substantial and had a stronger influence on survival than chemotherapy or radiation treatment. When comparing surgery by race and controlling for stage, African-Americans less often received surgery in stage I and IV disease (Table 3A and B). Interestingly, when comparing the CCR variable of reason for no surgery by race and separately by SES (data not shown), we observed that the reasons for not receiving surgery were that it was less often recommended and more often refused by African-Americans. In addition, data pertaining to surgical treatment and contraindication to surgery ''due to other conditions'' were available. Analysis of these data reveals that African-Americans more often did not receive surgery due to comorbid disease. This may be a reflection of worse baseline health in African-Americans (32) . Nonacceptance of surgery is likely attributed to SES differences, as low SES was strongly associated with increased treatment refusal (data not shown). Reasons for this are unknown and must await further study. Questions have arisen regarding whether these disparities are specific to certain institutions or health care systems. Although some studies have suggested less disparity in single institution or system setting (47, 48) , there has been suggestion that some disparities still exist in these models (44) . Our multivariate analyses done with adjustment for insurance status did not reveal any substantial differences in risk (data not shown). Having a true measure of provider preferences is a difficult task but perhaps understanding patient preferences based on cultural knowledge would aid in bridging this gap. Indeed, there is a complex interplay between factors governing physician recommendations and patient decision making. Recommendations may be influenced by personal bias, stage of disease, prognostic indicators, and perception of patients' effort to comply with therapy. On the other hand, patients will make choices based on their personal beliefs, perception of therapy, and ability to comply with therapy and navigate the medical system. Jepson et al. (49) found that later diagnosis in AfricanAmericans seemed to be partially due to beliefs that cancer is not a preventable disease.
Despite the discrepancies observed in surgery by stage, it is interesting to note the similarities in receiving standard of care for stage IV colon and rectal cancer (chemotherapy) and stage II and III rectal cancer (chemoradiation, typically given as neoadjuvant, or preoperative treatment; Table 3A and B). This suggests that stage at presentation, rather than SES and treatment, accounts for much of the observed discrepancy in survival. In our study, African-Americans presented with metastatic stage disease more often than the other ethnic groups. This is consistent with prior reports (7, 50) . It is thought that this difference in stage at presentation explains much of the survival difference between Caucasians and African-Americans. Our results strengthen this finding. The reason for advanced stage at presentation has been suggested by lower screening rates (6, (50) (51) (52) . The factors that explain this, however, have not been completely elucidated. Recently published data reveal an overall decline in cancer death rates, and particularly a decline in CRC mortality (2) . This is believed to be due, in part, to improving trends in CRC screening (53, 54) . Barriers to access have been shown to contribute to poorer screening rates (55) (56) (57) . Confounding the screening process is the observation that African-Americans present more frequently with proximal tumors (47, 58, 59) and at a younger age (51), which we also observed. This underscores the importance of colorectal screening in this population and has been the impetus for proposing modified screening guidelines (60) .
Our study is retrospective in nature and shares limitations of other population-based studies. Information on comorbidities is not coded for all CCR cases, although comorbidity data are available for those not undergoing surgery. We cannot account for cases with poor health that proceeded with surgical therapy, and it is presumed that the proportion of cases with known contraindications in our analysis are a small subset of the cases with comorbid conditions. Thus, differences in comorbidity among ethnic groups may explain some of the observed survival differences. Details of recurrence during follow-up were also not available. The existence of disparities found in follow-up, or surveillance, has been highlighted in prior studies (61) (62) (63) (64) . In addition, factors not so easily accounted for are institutional standards, physician preferences, and patient beliefs. There was no uniform standard protocol on how the CRC patients were staged; thus, all the cases were analyzed using ''best available stage'' based on combined clinical and pathologic staging data. There was no centralized review of pathologic specimens along with no uniform protocol on how treatment (surgery, radiation, or chemotherapy) was given. We omitted the race unknown/other group from our analyses as this population was not representative of the entire group as a whole given such a high proportion of censored data. Our primary findings remained consistent regardless of whether this race unknown/other group was included. Despite these limitations, to our knowledge, this study represents the largest analysis of colon and rectal cancer to date, accounting for the effects of SES and treatment (including chemotherapy) across all stage and age groups.
Our results show that stage at presentation, surgery, and SES contribute substantially to poorer outcomes in CRC survival for African-Americans and Hispanics, and yet, this disparity almost normalizes after adjustment for SES. There is suggestion that African-Americans are younger at diagnosis and are more likely to present with proximal tumors than other ethnic groups, findings that suggest a role for investigating policy changes on current screening practices. Education is the key to rectifying any misconceptions that exist between patient and physician that become paramount for those of lower SES. Further investigation is necessary to clarify the reasons for this disparity and hopefully lead to policy changes in favor of community awareness and educational outreach.
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